Background: Laser therapy has been proposed as a physical therapy for musculoskeletal disorders and has attained popularity because no side effects have been reported after treatment. However, its true effectiveness is still controversial because several clinical trials have reported the ineffectiveness of lasers in treating pain. Methods: In this systematic review, we investigate the clinical effectiveness of low-level laser therapy (LLLT) on joint pain. Clinical trials on joint pain satisfying the following conditions are included: the laser is irradiated on the joint area, the PEDro scale score is at least 5, and the effectiveness of the trial is measured using a visual analogue scale (VAS). To estimate the overall effectiveness of all included clinical trials, a mean weighted difference in change of pain on VAS was used. Results: MEDLINE is the main source of the literature search. After the literature search, 22 trials related to joint pain were selected. The average methodological quality score of the 22 trials consisting of 1014 patients was 7.96 on the PEDro scale; 11 trials reported positive effects and 11 trials reported negative effects. The mean weighted difference in change of pain on VAS was 13.96 mm (95% CI, 7.24-20.69) in favor of the active LLLT groups. When we only considered the clinical trials in which the energy dose was within the dose range suggested in the review by Bjordal et al. in 2003 and in World Association for Laser Therapy (WALT) dose recommendation, the mean effect sizes were 19.88 and 21.05 mm in favor of the true LLLT groups, respectively. Conclusions: The review shows that laser therapy on the joint reduces pain in patients. Moreover, when we restrict the energy doses of the laser therapy into the dose window suggested in the previous study, we can expect more reliable pain relief treatments.
Introduction
L ow-level laser therapy (LLLT) has been used for > 30 years for pain relief, and has become increasingly popular because it is a noninvasive and nonthermal treatment. 1 And although many studies using laser therapy have been conducted pertaining to the improvement of pain relief for various musculoskeletal conditions, the true effectiveness of this therapy is still controversial, 2 as the number of clinical trials reporting ineffectiveness is also significant; there is also a possibility that several ineffective trials might not have been reported. Hence, laser therapies have yet to receive United States Food and Drug Administration (FDA) approval, except for the treatment of carpal tunnel syndrome. 3 One reason for the different outcomes in effectiveness might be the result of factors affecting the effectiveness of laser therapy. These factors can include patient diagnoses, symptoms, pain duration, laser irradiation location, distance from laser probe to skin, laser type (HeNe, GaAs, GaAsAl, Nd:YAG), wavelength, laser mode (continuous, pulsed), average power (mW), power density (mW/cm 2 ), energy ( J), energy dose ( J/cm 2 ), number of sessions, laser irradiation point size (cm 2 ), and co-interventions (exercises, analgesics, nonsteroidal anti-inflammatory drugs [NSAIDs] , and conventional physical therapies).
Studies attempting to explain mechanisms for pain relief from laser therapies have typically been based on antiinflammatory effects 4 or the laser's activity on the immune system. 5 In a systematic review of LLLT for use in joint diseases by Bjordal et al., 6 it was reported that one of the main causes of joint disease is inflammation, and that LLLT is effective for anti-inflammation. They then hypothesized that an important factor for the treatment of joint disease is the LLLT energy dose. The study reported the use of LLLT locationspecific energy doses on chronic joint disorders based on both previous laboratory trials and anatomical factors. This systematic review showed that LLLT can be effective for joint disease if the energy dose is properly selected such that it inhibits inflammatory activity in the joint capsule.
Although joint pain can be controlled by medications such as acetaminophen, 8 NSAIDs, 9 and corticosteroid injections, some patients are reluctant to use them because of the potential side effects. 11 In some cases, surgery is also conducted to repair damaged joints, although surgery does not always bring satisfying results. 12 For treatment of these types of joint problems, alternative treatments or physical therapies including exercise, 13 electrical stimulation, 14 acupuncture, 15 laser acupuncture, and LLLT 16 can be used. Therefore, the primary objective of this study is to investigate the effectiveness of laser therapy by analyzing previous clinical trials for common patient conditions; that is, patients suffer pain in joint regions and laser irradiation is used as the treatment on joint areas. As the basis of this study, we conducted a literature search for randomized controlled clinical trials on joint areas, and selected 22 articles. Among the various joint areas investigated, our study includes finger joints, temporomandibular joints (TMJ), glenohumeral joints, knee joints, and cervical and lumbar spinal regions. Joint pain in these areas can be caused by osteoarthritis, rheumatoid arthritis, or other conditions. Note that osteoarthritis is associated with the degeneration of cartilage in the joint and is the most common cause of joint pain in people older than 60 years. 17 Rheumatoid arthritis is an autoimmune and systemic inflammatory disorder; 7 it affects synovial joints such as those in fingers, wrists, and knees.
The second objective of our study is to investigate whether we can obtain improved pain relief when certain energy doses are applied. Our study contains 15 studies not included in Bjordal et al. 6 ; using these data, we subsequently validate their proposed energy doses.
Materials and Methods

Literature search
MEDLINE and PubMed were the main sources of searching for previous clinical trials. The following keywords were used to find instances of joint pain: musculoskeletal, rheumatoid, arthritis, osteoarthritis, temporomandibular, cervical, neck, hand, finger, wrist, shoulder, back, low back, knee, spine, and pain. These keywords were then combined with the following keywords: laser, laser therapy, and laser irradiation, and references pertaining to existing publications of laser therapies were also examined. Among the literature collected, clinical trials were first selected by excluding publications involving animal experiments, in vitro experiments, and reviews, by examining titles and abstracts. Some clinical trials were also excluded if we failed to obtain their full text, as the abstract did not provide enough relevant information to assess the quality of the methodology used. The literature search is current to the end of May 2011.
Types of studies
Studies were restricted to randomized controlled trials (RCTs). Clinical trials for assessing the pain relief effect of laser therapy between true laser treatment groups and placebo laser treatment groups were included; trials not having placebo laser groups were excluded because it is necessary to compare the results of the true laser therapy group with the results of the placebo laser therapy group in order to determine the true effectiveness of the laser therapy. Crossover-type studies were excluded because the results of the experiments were deemed to be less reliable. Because of concerns about the systematic effects of laser therapy, trials that used a counterpart of the body as the control group were also excluded. Finally, trials that compare laser treatments with other types of interventions (cryotherapy, acupuncture, electro-acupuncture, electrical stimulation, ultrasound therapy) were subsequently excluded.
Patient characteristics
Patients suffering pain in joint areas were the target of our study. However, although patients suffered pain in their joints, trials for patients with myofascial pain, radiculopathy, or tendinitis were excluded because the source of the pain may not be related to joint pain.
Type of interventions
Clinical trials containing at least one irradiation point on the joint area were included. Clinical trials with cointerventions such as exercises, analgesics, and hot packs were also included. In addition, trials with noninvasive laser irradiation were included; intravascular types of laser irradiation were excluded. 18 
Clinical trial quality assessment
To assess the quality of the clinical trials, 10 methodological criteria of the PEDro scale were used. 19 This scale was developed by the PEDro database of physiotherapy trials. Two assessors independently assessed the trials using the PEDro scale. If the quality score of a study was < 5, the study was excluded.
Outcome measure of pain relief effect
Studies include clinical trials that reported at least one subjective pain measure that was the same as or similar to the 0-10 cm visual analogue scale (VAS). In cases in which the pain measure scale was different from the usual VAS scale in which 0 cm denotes no pain and 10 cm denotes severe pain, values were transformed into the usual scale. When the study reported several aspects of pain (i.e., pain on rest, pain on movement, pain on function, or pain on activity), pain on movement, function, or activity was chosen rather than pain on rest.
Inferences of missing parameters
When the clinical trial did not describe the parameters of laser therapy, parameter values were inferred from the relations among laser parameter factors. For example, power density (mW/cm The mean value of each group was first calculated using the difference between the pretreatment VAS value for pain and the post-treatment VAS value for pain. Then, the effect size was calculated using the difference between the mean value of the true laser group and the mean value of the placebo laser group. The following equation is the formulation of the effect size for each clinical trial.
To calculate the mean effect size of several clinical trials, the weighted mean difference (WMD) can be used. To calculate the WMD, variance of the effect size is required; in this study, using the method described by Bjordal et al., 6 the sample variances of the post-treatment values were used as the effect size variance. Then, the mean effect size was calculated using the random-effect model. We used the ''metafor'' package from R 20 to calculate the pooled estimate, and to draw a forest tree and publication bias plot. Figure 1 describes the literature search process. In total, 55,567 abstracts of potentially relevant publications were identified through an electronic search. Of these, 82 clinical trials of laser therapy remained after excluding publications that were not related to laser therapy or those that compared laser therapy with other physical interventions, animal experiment researches, or reviews. Among these 82 trials, 33 trials were excluded because we failed to obtain their full text, and 4 trials were excluded because these studies contained no placebo laser therapy group, was a crossover study, or the opposite limb was used as the control group. Out of the remaining 45 trials, 22 trials were excluded because there was no evidence of irradiation on the joint areas or the primary cause of patient pain was not related to joint problems. After assessing the quality of the clinical trials, one more trial was excluded because its quality assessment score was too low to for us be confident in its results. Finally, 22 trials were selected for inclusion in this study.
Results
Literature search
Excluded studies
Among the 49 clinical trials with full text available, 27 studies were excluded because important conditions for the meta-analysis were not satisfied. Table 1 summarizes some of excluded studies. Studies performed by Carvalho et al., 21 Gur et al. (lower back), 22 and Heussler et al. 23 were excluded because they had no placebo group. Studies by de Bie et al., 24 Ekim et al., 25 Rogvi-Hansen et al., 26 Aigner et al., 27 Yurtkuran et al., 28 and Shen et al. 16 were excluded because there was no description of irradiation on the joint area or irradiation was performed only on the acupuncture points. Two studies from Konstantinovic et al. 29, 30 were excluded because the primary cause of pain in the subjects was radiculopathy. Finally, the study by Fiká cková et al. 
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was excluded because of its low quality assessment score (PEDro scale score < 5).
Included studies
A total of 22 trials were included for further analysis; 668 people were in the laser therapy group and 565 people were in the placebo laser group. Patient properties, irradiation locations, session schedules, and co-interventions of the included trials are listed in Table 2 . There is one trial for rheumatoid arthritis, 32 eight trials for osteoarthritis, [33] [34] [35] [36] [37] [38] [39] [40] five trials for temporomandibular disorders, [41] [42] [43] [44] [45] five trials for low back pain, 2,46-49 two trials for shoulder pain, 50,51 and two trials for neck pain. 40, 52 All patients in these trials suffered from pain in their joint regions and their joint regions were irradiated by lasers. In some trials, the laser was applied to other locations (e.g., muscles, nerves, and tendons) in addition to the joint capsule, but all included trials had at least one irradiation on the joint area.
Except for the study by Santos et al., 45 all studies included at least 6 sessions, with an average 12 irradiation sessions applied. Then, except for 7 trials, 39, 40, [42] [43] [44] [45] 47 the remaining 15 trials simultaneously combined other interventions with laser therapy. Some trials used drugs such as analgesics, NSAIDs, antidepressants, and tranquilizers, [32] [33] [34] [35] [36] 38, 48, 52 and other trials used exercises 2, 37, 41, 46, 50, 51 or hot packs 49 as cointerventions during laser therapy. Table 3 , and irradiation times from 1 to 900 sec. The numbers of irradiation points are also included in Table 3 ; the number of irradiation points for the specific joint was described in only five studies, [32] [33] [34] 37, 51 whereas most of the studies only described the number of irradiation points for one session or did not describe the number of irradiations.
Most trials consisted of a single LLLT group and a single placebo LLLT group. But the study of Ay et al. 49 consisted of two LLLT groups and two placebo LLLT groups; one LLLT-placebo pair was performed on acute low back pain and the other pair focused on chronic low back pain. The study by Gur et al. 37 consisted of two true laser therapy groups (one used a 3 J energy dose per knee joint and the other used a 2 J energy dose per knee joint) and one placebo laser group. The study by Tascioglu et al. 38 also had two true laser therapy groups (one used a 3 J energy dose per point and the other used 1.5 J per point). Stelian et al. 35 used both continuous wave and pulsed wave irradiation on one knee: during each session, irradiation in each mode was split into 7.5 min segments.
Clinical trial quality assessment
The quality assessment scores of 22 studies are listed in Table 4 . The scores range from 5 to 10, with an average of 7.9. Note that in terms of blinding the assessor items, all trials obtained a point because all used self-assessment measures. All trials except for Cetiner et al. 43 and Santos et al. 45 reported that they randomly allocated groups.
Effect sizes of studies Table 5 presents the outcome measures of the included studies. All trials except for Basford et al., 33 Brosseau et al., 34 and Soriano et al. 47 have self-assessed pain measures. In most cases, VAS was used as the pain measure, ranging from 0 (no pain) to 10 (severe pain). However, the studies of Basford et al. 33 and Klein et al. 46 used a pain scale ranging from 0 (no pain) to 4 (severe pain) and from 0 (no pain) to 7.5 (severe pain), respectively. Therefore, for consistency, the pain values of these trials were converted into a 0-10 scale.
Most trials only reported pain with no specific location or activities. However, Emshoff et al. 44 reported pain during function (mastication) and Meireles et al. 32 reported total 47 pain measure outcomes that included ''global pain at each hand,'' ''pain at wrist,'' and ''pain in each finger joint;'' of these, we chose ''global pain of the right hand.''
The study by Ay et al. 49 consisted of four groups: LLLT group with low back pain (LBP) < 3 months, placebo group with LBP < 3 months, LLLT group with LBP > 3 months, and placebo group with LBP > 3 months. To calculate the effect size, we divided the four groups into two LLLT-placebo pairs; one pair for LBP < 3 months and the other pair for LBP > 3 months. The study by Djavid et al. 2 consisted of an LLLT group, an LLLT plus exercise group, and a placebo LLLT plus exercise group. Of these, we selected the LLLT plus exercise group and the placebo LLLT plus exercise group in order to calculate the effect size. Studies by Stelian et al., 35 Gur et al., 37 and Tascioglu et al. 38 included three groups: two laser groups using different laser doses and one placebo laser group. To calculate the effect size for each group, we used the outcome measure of the placebo laser group twice.
Mean effect size Figure 2 shows the mean effect size for the included studies, except for studies with no self-assessment pain measure reported (Basford et al., 33 Brosseau et al., 34 and Soriano et al. 47 ). Classification of studies about energy dose and wavelength
Our study focused on trials that included at least one laser irradiation on the joint area. The review article by Bjordal et al. 6 suggested energy doses for the joint diseases. They assumed that there were location-specific effective doses for joint pain, and subsequently categorized anatomical sites that could be irradiated with approximately the same ranges of wavelengths, power densities, and energy doses. In Table  6 , we classify the studies using similar categories: locations with TMJ/finger joints, knee, shoulder, cervical area, and lumbar area, and wavelengths < 700 nm, > 700 and < 900 nm, > 900 and < 1,000 nm, and > 1,000 nm. For each category, the energy dose suggested by Bjordal et al. 6 is listed, except for shoulder, as there is no suggested dose for the shoulder. A total of 25 true laser groups from the 22 clinical trials included are OA, osteoarthritis; RA, rheumatoid arthritis; TMD, temporomandibular disorder; TMJ, temporomandibular joint; LBP, Low back pain. *, inferred values as not explicitly described; -, no descriptions or failed to infer; AD, author's decision on effectiveness (O, effective; X, ineffective). In the case of Stelian 1992 35 , number of treatments per week was not described, but the author described that the treatment was applied twice a day for 10 days. OA, osteoarthritis; RA, rheumatoid arthritis; TMD, temporomandibular disorder; TMJ temporomandibular joint; LBP, low back pain; (C), continuous wave; (P), pulsed wave; *, inferred values as not explicitly described; **, not described but confirmed by the author; -, not described or cannot infer; AD , author's decision on effectiveness (O, effective; X, ineffective).
listed along with the energy dose used in the trial and the author's perception about the effectiveness of the laser therapy; note that three of the clinical trials include two true laser groups. Among the 25 clinical trials, 7 trials were within the range of suggested energy doses (Stelian et al., 35 Gur et al., 37 Hegedus et al., 39 Santos et al., 45 Basford et al. 48 ). For the remaining trials, we could not determine whether their energy doses were within suggested energy doses per joint (Basford et al., 33 Emshoff et al., 44 Brosseau et al., 34 Meireles et al., 32 Cetiner et al., 43 Venancio et al., 42 Tascioglu et al., 38 Bulow et al., 36 Stergioulas et al., 51 Chow et al., 52 Ay et al., 49 Djavid et al., 2 Kulekcioglu et al., 41 Bingol et al., 50 Soriano et al., 47 Klein et al. 46 ). In two trials, the information was either not reported or we could not infer the energy dose ( J/point) (Cetiner et al., 43 Soriano et al. 47 ), and the other two trials pertained to irradiation on the shoulder joint (Bingol et al., 50 Stergioulas et al. 51 ). Figure 3 presents the effect size for studies in which doses are within the energy dose range suggested by Bjordal et al. 6 We can observe the effect of 19.88 mm (95% CI, 12.50, 27.27) (number in active group:166; number in placebo group: 110), which is larger than the size measured in the 22 studies.
Although the energies of some studies of cervical or lumbar pain (Ozdemir et al., 40 Chow et al., 52 Djavid et al. 2 ) are lower than the energy suggestion by Bjordal et al., 6 they report notable pain relief from laser therapy. For zygapophyseal joints, the suggested lower energy bound might be decreased.
In addition, we examined the included studies using World Association for Laser Therapy (WALT) dosage recommendations. 53 Because WALT recommends energy doses for the laser therapy of 780-860 nm and 904 nm wavelengths and requires higher energy doses than Bjordal et al., only three studies 2,39,52 satisfied the recommendation criteria, and their mean effect size was 21.05 mm (95% CI, 6.93, 35.17) . It is similar to the mean effect size of the studies satisfying Bjordal's recommendation. Considering studies satisfying both Bjordal's and WALT recommendations, only one study 39 was included, and its effect size was 25.5 mm.
Publication bias issue
It is also important to investigate whether there is a publication bias in this systematic review. To calculate the publication bias, we excluded the studies 36, 39, 50 in which we failed to infer any variance of the mean difference. The funnel plot in Fig. 4 shows that the studies on the left side of the mean effect size are more focused than the studies on the right side. However, we cannot find the typical asymmetry in other reviews with publication bias; the number of studies on the bottom left side is smaller than the number of studies on the bottom right side. This funnel plot shows that there is no publication bias in this systematic review.
Discussion
The effectiveness of laser therapy is still controversial. As it is possible that numerous factors in laser therapy can contribute to different treatment outcomes, we focused here on trials that included at least one laser irradiation on joint areas and displayed a high methodological quality with respect to the PEDro scale. As a result, 22 trials were included in this study. Through a series of analyses, this review supports the finding that LLLT trials that satisfy the abovementioned conditions are effective if the energy dose is properly selected for each joint region. However, it should be 
RA, random allocation; CA, concealed allocation; BS, baseline similarity; BP, blinding of patients; BT, blinding of therapists; BA, blinding of assessor; 85%, key outcome obtained from > 85% of the initial subjects; IT, intentions to treat analysis; BC, between-group comparisons, MV, mean and variability data. noted that this study has several weaknesses because of the heterogeneity of studies in terms of patient conditions, laser irradiation locations, and area size, in addition to ambiguities in calculating the parameters.
Table
Summary of Pain Measures and Differences in Mean Changes
Author AD Mean diff Mean diff. var #(L) (L) Pre SM (L) Pre SD (L) Post SM (L) Post SD #(P) (P) Pre SM (P) Pre SD (P) Post SM (P) Post SD
Patient conditions
The duration of pain or symptoms might affect the effectiveness of pain reduction when LLLT is irradiated. However, most studies did not report the duration, even though studies reporting the pain duration varied, ranging from 2.45 (SD -1.43) months 49 to 16.90 (SD -12.5) years. 52 It would be useful for the duration of pain to be included in future analyses.
Laser irradiation locations
Another factor that potentially contributes to the outcome of LLLT is co-irradiation on other regions in addition to the joint regions. Among the studies for finger and hand areas, LLLT was also irradiated on the nerve 32 and wrist. 34 In all studies pertaining to spinal areas, LLLT might also have been irradiated on the fascia, muscle, nerve, and ligament regions. In one study of the knee area, 39 the tendon was also irradiated. Among studies for TMJ areas, muscles around the TMJ were also irradiated. It is important to note that in all of these studies, irradiation on the joint area is common.
Laser irradiation area size
The irradiation size varied among studies. In the studies of finger and hand pain, [32] [33] [34] the irradiation area sizes were £ 0.06 cm 2 and all studies reported the lack of significance of the laser therapy. In the studies pertaining to neck pain, 40, 52 all studies reported the significance of the laser therapy. Although one study 52 had smaller irradiation size (0.45 cm 2 )
than the other study 40 (1 cm 2 ), the energy dose of the former study was higher than that of the latter study. In the case of low back pain, the studies 2,48 with irradiation sizes of 0.22 and 4.9 cm 2 reported the effectiveness of laser therapy, although a study 49 having an irradiation size of 0.07 cm 2 reported that lasers were ineffective in treating pain. Yet another study, 46 with an irradiation size of 1 cm 2 , reported ineffectiveness, although its energy dose per point was the lowest among the studies of low back pain. In investigations of knee pain, studies 35, 37 in which the irradiation size was ‡ 1 cm 2 showed the effectiveness of laser treatments. Among three studies 36, 38, 39 in which the irradiation size was < 1 cm 2 , however, two studies 36, 38 reported ineffectiveness and one study 39 reported effectiveness. In this case, the energy per point of study 39 with an improved outcome (6 J) was greater than the energies of the two ineffective studies 36, 38 ( £ 3 J). In the studies of TMJ pain, two studies 42,45 used a similar irradiation area (0.04 cm 2 ), but their results were different, possibly because of the difference in energy dose (0.3 and 0.64 J). Two shoulder pain studies 50, 51 used irradiation areas < 1 cm 2 , but their wavelengths were different, and, therefore, results of the effectiveness of these two studies were also different. Based on the current body of knowledge in this field, it was difficult to confirm any definitive relationship between the irradiation area size and effectiveness of laser therapy; therefore, further analyses of more clinical trials are required.
Calculating parameters
Most studies did not clearly report the parameters of laser therapy. To infer missing parameters in terms of energy dose ( J/point), energy density ( J/cm 2 ), average power (mW/ point), power density (mW/cm 2 ), irradiation area (cm 2 ), and irradiation time (sec), we applied the formulae described in the Methods section. In the study by Basford et al., 33 the power density was not described in the article and could not be inferred here; rather, we used the description about power density of Basford et al. 33 that was presented in the review article by Bjordal et al. 6 to infer the energy density and irradiation size. In the study by Santos et al., 45 the laser irradiation size described in the full text was larger than the size we calculated; hence, both values are described in Table 3 . In the study by Klein et al., 46 we inferred two different energy doses: 0.1 and 1.3 J, both of which are described in Table 3 . In the studies by Basford et al. 48 and Tascioglu et al., 38 a total of eight points were irradiated. In these studies, the laser beam size was described in terms of diameter, not as cm 2 ; therefore, we calculated the size using the formula: 3.14 * 1.25 cm * 1.25 cm. Note that in the study by Tascioglu et al., 38 irradiation times were described as being 120 sec for the 3 J groups and 60 sec for 1.5 J groups, but we inferred these values to be 60 sec for the 3 J groups and 30 sec for 1.5 J groups.
We also inferred the effect sizes of some studies in Table 5 . Instead of reporting the VAS variance, Santos et al. 45 and Chow et al. 52 reported each patient's pain measures before and after treatment and the confidence interval of pain measures. From these data, we calculated the effect size. Furthermore, some studies did not report the variance data (Burow et al., 36 Hegedus et al., 39 Bingol et al. 50 ); in such cases, we used the average of the standard deviations of the other studies included in this review.
Calculating energy doses
Extraction of the energy dose used on the joint capsules is a difficult task although it is important for determining the effective energy dose for different joint pain regions. Whereas two studies reported the energy dose for each joint capsule, 35, 37 other clinical studies 2,32-34,36,38-50 did not describe the exact energy dose for each joint capsule. Instead, these studies only reported the energy dose per irradiation point and the number of laser irradiations. Because some laser irradiations might be applied to other joint capsules or non-joint regions such as tendons, ligaments, muscles, and nerves-as well as the specific joint capsule-we cannot be sure how much energy dose was applied to the specific joint capsule. In these cases, we used the energy dose per irradiation point to calculate the energy dose per joint capsule and then determined whether these clinical trials were within the energy dose suggested by Bjordal et al. 6 In this way, we determined that some clinical trials 39, 45, 48 were within the suggested doses.
Effect of co-intervention
Laser therapy often has been applied by combining with co-interventions such as analgesics, NSAIDs, exercises, and other physical therapies. We examined the effectiveness of the included studies when the co-intervention was used. Among the 15 included studies using co-interventions, 6 studies 2,35,37,48,51,52 reported effectiveness and the other 9 studies [32] [33] [34] 36, 38, 41, 46, 50, 49 reported ineffectiveness of laser therapy. Among the seven included studies not using cointerventions, five studies 39, 40, 43, 45, 47 reported effectiveness and the other two studies 42, 44 reported ineffectiveness. When we hypothesized that the proportion of ineffectiveness is higher among the studies using co-intervention than the 
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studies not using co-intervention, the difference of proportion was not statistically significant by Fisher's exact test ( p = 0.3615). When we restricted co-interventions to drugs such as analgesics and NSAIDs, among the 10 studies using drugs, 4 studies 35, 37, 48, 52 reported effectiveness and the other 6 studies [32] [33] [34] 36, 38, 50 reported ineffectiveness. Similarly, the proportion of ineffectiveness was not statistically significant by Fisher's exact test ( p = 0.3348).
Conclusions
Obtaining pain relief from LLLT might be a good alternative to the use of NSAIDs, particularly for elderly people, because laser therapy has no reported side effects. 47 In addition, clinical studies have reported that applying laser therapy in addition to exercise might show greater pain reduction effects than using laser therapy alone. 2, 22 In conclusion, investigations pertaining to laser therapies have indicated that laser irradiation on joint areas can be an effective pain relief treatment when appropriate energy doses are selected.
